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ABSTRACT
Cadaveric dissection is a unique and unrivalled educational tool that allows students in medicine and 

associated life sciences to explore spatial three-dimensional anatomy, principles of structure and related 
function, and anatomical variations, including pathological alterations. Human tissue dissection enables 
researchers to comprehend the variety that exists in life that cannot be appreciated through the literature or 
artificial specimens. Using cadavers is the best way to simulate surgical and anatomical teaching. A cadaver 
has been shown to imitate surgical and anatomical training better than any other existing method. By the 
use of soft embalming approaches, cadavers have become more realistic and training-friendly. The main aim 
of this review is to describe various innovative and recent cadaver preservation techniques in detail, which 
can help anatomists to modify the techniques in their institute for gross anatomy teaching and surgical 
training or workshops to get a lifelike cadaver.
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INTRODUCTION

The term ”cadaver” is derived from the 
Latin word “cadere“, which means ”to 
fall”, and it refers to soldiers who died 
in battle. As a result, a cadaver is a de-
ceased human body that is used in sci-

entific or medical research. The term ”dissect” 
comes from the Latin word “dissecare“, which 
means ‘to cut apart’ or ‘to separate into pieces’ 
(1). In order to study the detailed anatomical 
structure of a deceased animal, plant, or human, 
dissection (cutting) is done as a part of the educa-
tional process. Anatomical dissection has been 

used in medical education since the third century 
BC in Greece. There was a time in history when 
dissection was illegal and considered offensive to 
the general public. However, over time, the dis-
cipline has gained worldwide acceptance as an 
essential teaching and learning tool in medicine 
(2). 

For teaching human anatomy, donated or un-
claimed dead bodies received by the department 
of anatomy forms the mainstay in gross anatomy 
education (3). People enrolled in medicine can 
peruse three-dimensional anatomy and varia-
tions and pathological changes using the unpa
ralleled and exceptional instructional tool known 
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as cadaveric dissection (4). Optimal preservation 
of cadavers from decomposition is one of the 
most important considerations for employing hu-
man bodies in educational contexts (5). For de-
cades, the traditional method of preservation has 
been using ‘formaldehyde’ as a traditional em-
balming fluid. Edward C. Johnson, an embalming 
and funeral historian, has written that “embal
ming is a means of artificially preserving the dead 
human body and it is one of humankind’s lon-
gest practiced arts.” (6).

Unfortunately, formaldehyde has been classi-
fied as a mitogen. Studies suggest that staff hand
ling cadavers in the form of corpse preparation 
or teaching personnel as well as students doing 
cadaveric dissection are at risk of adverse effects 
that include coughing, nausea, watery and bur
ning eyes, or rashes on the skin. They are also at 
increased risk of bronchial asthma, myeloid leu-
kaemia and other uncommon malignancies such 
as nasopharyngeal, paranasal sinus, and nasal 
tumors (7, 8). The conservation and mainte-
nance of cadavers is necessary for imparting 
gross anatomy to students in medical fields, and 
this requires infection-free specimens with little 
to no mitogenic materials (9). Also, with the 
growing demand for surgical training, it was felt 
that formalin-based cadavers used as training 
models provided unrealistic handling and were 
deemed unsuitable due to significant changes in 
the strength, colour, and fragility of organs and 
tissues (10, 11). 

Once Professor Walter Thiel introduced a 
new method of preserving the cadavers, called 
”soft embalming”, which gave them a realistic 
aspect, a huge shift occurred in the techniques of 
embalming. However, due to the requirement of 
the large number of chemicals and the time-con-
suming process of producing and storing the 
bodies, its broad application has proven to be 
difficult (12). Likewise, many new cadaver pre
servation techniques are gradually developed in 
various institutes all over the world to replace the 
usage of only formaldehyde looking at the ha
zardous concerns from its prolonged use.  

With this review, we are going to enumerate 
and describe in detail various innovative tech-
niques developed for the preservation of cada
vers and specimens till now, with their advan-
tages and disadvantages. This review will 
probably assist anatomy educators and embal
mers in changing their conventional embalming 

procedures and protecting both themselves and 
their students from repeated exposure to ha
zardous chemicals. q

METHODOLOGY

Objective
This article aims to outline the large range 

of readily accessible chemicals which are em-
ployed to embalm cadavers across the world, 
along with a summary of their benefits and draw-
backs.

Information sources and search strategy
Over a period of eight months, the authors per-
formed a vast review of articles published be-
tween 1984 and August 30, 2022. According to 
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines 
(Figure 1) for 2020, articles were searched in 
four medical databases (PubMed, Google Scho
lar, Cochrane central register of clinical trials and 
Scopus), using the following key terms: ‘cadaver 
dissection’, ‘formaldehyde for embalming’, ‘soft 
embalming’, ‘Thiel embalming’, ‘innovation in 
cadaver embalming’. Titles and abstracts were 
screened by each of the three authors indepen-
dently and reviewed with inclusion/exclusion 
criteria. After data extraction, findings were sum-
marised and reported in Table 1.

Inclusion and exclusion criteria
English articles (original, review, case series, case 
reports, published and preprints) that reported 
the use of chemicals for the embalming of cada
vers for teaching or research purposes till August 
2022 were included in the present study. Then, 
the eligible articles were critically analyzed. 
Those with incomplete information, unavailable 
full text, no target observations as well as other 
article types (letters, comments, news and so on) 
were all excluded. Institutional Ethical Commit-
tee approval and informed consent were not 
necessary as our study was a systematic review of 
the literature, which was therefore limited to 
published information, with no direct involve-
ment of human subjects. q

DISCUSSION

There have long been ways to keep the de-
ceased safe, ranging from natural ones like 
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FIGURE 1. Flow 
diagram for the selection 
of studies using preferred 
reporting items for 
systematic reviews and 
meta-analyses (PRISMA) 
2020

TABLE 1. Comparison of various chemicals used for cadavers embalming
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mummification or freezing to artificial ones like 
immersion or arterial injection. Unlike funeral 
embalming, anatomical embalming prioritizes 
the long-term preservation of tissues over the 
preservation of a person's outward appearance. 
Soft embalming is a method for preserving tis-
sues that uses a combination of salt compounds 
and extremely low levels of volatile formalde-
hyde and formalin to achieve a number of 
unique features. Procedures like intubation, 
lumbar puncture, thoracocentesis, and all disci-
plines of surgery, including pelvic floor repair and 
face lift, benefit from soft-embalmed cadavers 
over unembalmed cadavers or simulators. Given 
the adaptability and flexibility of the internal or-
gans and peritoneal membranes, soft-embalmed 
cadavers are highly useful for teaching endo-
scopic surgical anatomy. For novel instructional 
applications in cadaver-based anatomy and cli
nical teaching, soft embalming offers a lot of po-
tential. Here we present a comprehensive review 
on the new techniques developed in the recent 
decades for betterment of soft embalming.

Genelyn embalming
Genelyn is a novel embalming solution developed 
by an Australian-based organization. 
Formaldehyde, methanol, and 2-Butoxyethanol 
are some of the ingredients of the Genelyn 
embalming solution that have been documented 
in the literature. On the other hand, producers 
do not divulge the whole composition (13). In an 
attempt to use Genelyn embalmed cadavers for 
surgical skill training, the authors documented 
that cadavers had no odour and were able to 
provide appropriate insufflation for laparoscopic 
surgeries. They agreed that the solid organs and 
luminal structures of Genelyn embalmed 
cadavers seemed to have the appearance and 
feel authenticity of actual patients. They also 
postulated that immersion of embalmed cadavers 
was not required; instead, they could be stored 
at 4 °C and cadavers could be reused for about 
6-8 months without moulds (14). In another pilot 
study assessing the lifting of the microvascular 
flap using Genelyn embalmed cadaver and 
formalin embalmed cadaver, it was found that 
cadavers embalmed with Genelyn provided 
better tissue identification, colour, and lifelike 
pliability of organs (15). Genelyn method has the 
advantages that it requires no expensive 
investments in new infrastructure and results are 

obtained more quickly because it is not necessary 
to keep cadavers submerged for extended 
periods of time. Nevertheless, Balta et al 
determined Genelyn to be a hard fixative by 
analysing just the range of joint movements 
without dissecting the cadavers to examine tissue 
adaptability, segregation of tissue planes, and 
tissue colors (16). When Jaung et al compared 
the effectiveness of Graz fluid, Dodge fluid and 
Genelyn preparation, they reported Genelyn 
only after Graz fluid fared well in parameters like 
fungicidal properties, joint flexibility and life-like 
appearance (13). One of the reasons for the 
documented inadequate tissue preservation 
could be due to the delay in placing a cadaver in 
cold storage, which leads to decomposition. 
Also, it is after the proper thawing, cadavers must 
be subjected to Genelyn embalming. The 
thawing time varies according to the cadaver's 
structure and climate zone. As such, the period 
between death and embalming has to be less 
than six hours without cold storage and less than 
24 hours with cold storage for perfect preservation 
with Genelyn preparation (14).

Ethanol-glycerol-lysoformin embalming
In 1975, Tutsch developed an embalming fluid 
composition that substituted lysoformin for phe-
nol. Lysoformin comprises 6.0 g of formaldehyde 
and 1.8 g of glutaraldehyde per 100 g, as per the 
manufacturer's product information sheet (Lyso-
form Dr. Hans Rosemann GmbH, Berlin, Ger-
many); consequently, this embalming fluid is 
fully devoid of aromatic compounds (17). The 
use of lysoformin for laparoscopic procedures in 
cadavers has been documented in the literature. 
It is well established that Thiel's embalming pro-
cedure as well as fresh-frozen cadavers give 
excellent tissue characteristics and a realistic 
atmosphere for laparoscopic surgical procedures. 
Like Thiel’s, low odour, optional reuse and easy 
storage were similarly obtained utilizing the etha
nol-glycerol-lysoformin fixation method. Fur
thermore, although Thiel's embalming procedure 
is technically complicated and uses very expen-
sive chemical components, ethanol-glycerol-ly-
soformin fixation is relatively simple and cost-ef-
fective (18). Wedel et al evaluated the 
effectiveness of ethanol-glycerol-lysoformin 
(70% ethanol, 30% glycerol, 0.3% lysoformin; 
ca. 20l) embalmed cadavers for laparoscopic 
procedures training and documented it was a 
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concise cost-effective risk-free method for pro-
ducing tissue that was close to life in terms of 
consistency and elasticity, with minor discolo
ration and increased viscosity of organs. Over the 
course of a year, it was possible to reuse body 
donors many times (19).

Modified Larssen solution (MLS)
The 20% modified Larssen solution contains 
2000 mL distilled water, 180 g sodium chloride 
200 g sodium bicarbonate, 200 g sodium sul-
phate, 200 g chloral hydrate, 100 mL of 20% for-
malin, and 400 mL liquid glycerin. This formula-
tion was further diluted with 5000 mL of distilled 
water. The 10% modified Larssen solution was 
prepared in a similar manner, but with 10% for-
malin and the subsequent addition of 3000 mL 
of distilled water. In a study that assessed the ef-
fectiveness of MLS, the color of muscles, fatty tis-
sue, fascia, nerves and vessels in MLS embalmed 
cadavers were found to have a lifelike appear-
ance; they were odorless with good joint flexibi
lity. Also, its application does not require expen-
sive equipments and the authors concluded it 
was an effective soft embalming technique (20). 
Celik et al used MLS fixed cadavers for a trans
oral endoscopic thyroidectomy vestibular ap-
proach and 94.5% of participants believed that 
MLS fixation gave a living feel appearance of the 
cadavers, which could be stored for 4.53 years 
and further used 6.27 times repeatedly for endo-
scopic workshops (21). 

Imperial College London soft-preservation 
(ICL-SP) solution
The ICL-SP solution technique is used in the  
Imperial College, London, and is based on alco-
hol, water, glycerol and phenol (soft-preserved) 
rather than fixed in formalin. Cadavers em-
balmed by this method can be used for about six 
months. Balta et al compared the effectiveness of 
Genelyn, Thiel and ICL-SP solutions and con-
cluded that the joints of cadavers embalmed 
with the ICL-SP method closely resembled those 
of living individuals (16). Balta et al reported that 
bacterial colonies in the ICL-SP solution-em-
balmed cadavers began to show up after  
two months, whereas formalin-embalmed ca-
davers did not develop bacteria after embal
ming, which made the ICL-SP solution ineffec-
tive if thorough disinfection was needed after 
embalming (22). 

Phenoxyethanaol based embalming  
(Crosado technique)
Phenoxyethanol (PE) is a glycol ether having an-
tibacterial and antifungal effects as well as a co-
lourless oily appearance and a pleasing odour. It 
is a common preservative being used to inhibit 
fungal and bacterial contamination, particularly 
in the cosmetics and pharmaceutical industries 
and it is quite inexpensive (23). Over two de-
cades of usage, phenoxyethanol-based embal
ming (the "Crosado" technique) has been proven 
to provide consistent outcome for anatomical 
preservation. Ethanol, glycerin, water and pheno
xyethanol are the main ingredients of the em-
balming fluid (24). In studies showing that PE had 
the capacity to reduce exposure to formalde-
hyde and phenol it has been claimed that, by 
eliminating some of the phenol and formalde-
hyde from their fixatives, soft tissue pliability may 
be restored (25, 26). This approach was found to 
be suitable for embalming of cadavers for a num-
ber of dissections and prosections as well as his-
tology and plastination. One of the technique's 
main advantages is its ability to minimise the 
quantity of formaldehyde used to a bare mini-
mum while being sturdy enough to be used out-
side of the anatomical context. The tissues retain 
their attractive properties even after extended 
usage, providing an alternative to, or reduction 
in, the use of toxic chemicals (24).

N-vinyl-2-pyrrolidone (NVP) embalming
N-vinyl-2-pyrrolidone (NVP) is an organic com-
pound with a five-membered lactam ring and a 
vinyl group. The ”preserve” solution, which in-
cluded 100% NVP and 0.1% N,N'-dibutyl-phe
nylenediamine, was diluted to provide NVP con-
centrations of 10% of body weight. The arteries 
were ligated once the infusion was finished, and 
the corpse was submerged in 5 L of 5% ”Pre-
serve” solution in a sealed plastic bag and pre-
served at 4°C (27). The endoscopic transnasal 
skull base approach was reported to be succes
sful in cadaver dissection that had been em-
balmed with NVP, providing an atmosphere that 
was similar to something like a realistic surgical 
field (27). Another research revealed that cada
vers fixed with NVP exhibited more range of mo-
tion than those preserved with formalin. Under 
the dermis, the amount of subcutaneous fat was 
greatly reduced and the connective tissues were 
translucent, making it possible to visualise the 
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veins, cutaneous nerves, and ligaments vividly. 
The internal organs and abdominal wall were still 
supple and malleable, just like those in freshly 
deceased people. N-vinyl-2-pyrrolidone pos-
sesses bactericidal and preservation properties in 
addition to its fixative properties. It is formalin-
free and does not necessitate the use of costly 
ventilation equipment. The use of NPV allowed 
for an extended preservation duration of up to 
11 months (28). In another study, in cadavers 
embalmed with NVP, regular vibrations of the 
vocal folds using NVP-embalmed larynges, suc-
cessfully created voiced sounds during experi-
mental phonation (29). N-vinyl-2-pyrrolidone 
has a number of disadvantages. With increasing 
NVP concentration, flexibility decreased, and 
even at the maximum concentration of 20%, the 
brain tissue was too soft to dissect (27).

Zinc chloride embalming
In a study, four animal specimens were em-
balmed with a solution of 40% zinc chloride 
(400 g in one liter of tap water) combining with 
one liter of glycerin and 200 g thymol per 10 li-
ters of solution (30). When dissected after a time 
interval of three weeks, muscle tissue and joints 
both remained supple and flexible. The identifi-
cation and dissection of the arteries and nerves 
was simple. Drying of the tissue was not evident. 
Major organs and muscle fibers had the same co-
lour as formalin-fixed specimens. The skin and 
internal organs lacked any signs of salt deposi-
tion. The authors came to the conclusion that a 
40% ZnCl2 solution could embalm and preserve 
anatomical specimens without the use of forma-
lin, alcohol, glycerin or thymol (30).

Thiel embalming
Since 2016, when formaldehyde was identified 
as a human 1B carcinogen, the European Com-
mission on Toxic Chemicals has reduced the 
amount of formaldehyde to which employees 
were exposed at work. As a consequence, in 
2018, the working group of the Anatomische 
Gesellschaft provided suggestions to limit the use 
of formaldehyde in anatomy centers (31). In the 
1990s, W. Thiel developed the Thiel-embalming 
method as a soft-fix embalming technique. In 
this method, ethylene glycol is utilised to pre-
serve tissue flexibility, along with 
4-chloro-3-methylphenol, boric acid, potassium 
nitrate, and ammonium nitrate for disinfecting 

(32). The fixative's formalin content is conside
rably lowered, with a final concentration of 0.8% 
of the whole formula, resulting in a non-irrita
ting, practically odourless product that retains 
the colour, suppleness, and plasticity of a living 
person, with enough joint mobility and tissue 
elasticity, making it ideal for surgical techniques 
and invasive clinical procedure training. The 
salts employed (ammonium nitrate, potassium 
nitrate) absorb the water in the tissues, and ni-
trates in the salts cause the muscles to have a 
crimson hue due to the activity of nitrosomyo-
globin, which is generated by the muscles them-
selves. Antiseptic qualities are provided by form-
aldehyde. Ethylene glycol is responsible for the 
tissues' haptic characteristics. Thiel used bacteri-
ologic tests to check the technique's disinfection 
efficiency, and none of the cadavers tested posi-
tive for mould (33). Following embalming, ca-
davers are kept for around six months in an im-
mersion solution containing 3% boric acid, 10% 
mono-ethylene glycol, 10% ammonium nitrate, 
5% potassium nitrate, 7% sodium sulfite and 2% 
formalin (33). Furthermore, Thiel-embalmed ca-
davers may be injected with a variety of dyes, 
resins, and natural latex, among other things, al-
lowing even the tiniest vascular branches (less 
than 1 mm) to be detected and the whole vascu-
larization to be seen (34, 35). Disadvantages of 
Thiel method mainly included the high prices of 
necessary materials. Furthermore, it prevented 
the detection of thrombogenic potential in the 
use of vascular sutures. To avoid mummification, 
the preparations were to be kept in hermetically 
sealed containers between 0° and 6°C (36). Thiel 
embalmed cadavers could not be used as a rea
listic evaluation model for radiofrequency abla-
tion owing to the significant changes in electrical 
conductivity in embalmed tissue (37). Since 
Thiel embalmed tendons did not accurately imi-
tate the biomechanical characteristics of fresh 
frozen tendons, they were also disregarded for 
biomechanical study. It may be linked to colla-
gen denaturation caused by the high salt (boric 
acid) content in Thiel embalming solution (38). 
Thiel's approach drastically changed the plastic 
energy absorption of human and bovine speci-
mens. Furthermore, when Thiel-embalmed hu-
man cadavers are examined utilising clinical 
magnetic resonance imaging (MRI) sequences, 
particularly those based on spin-echo MRI, there 
is a loss of signal and contrast (39).

Innovative Techniques of Embalming
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Saturated salt solution
There is a lengthy history of embalming cadavers 
with sodium chloride salt to enhance surgical 
skills. Ambroise Paré (1510–1590), one of the 
founding fathers of surgery, a pioneer in surgical 
methods and anatomist, characterized his em-
balming solution as containing ”common salt” 
(6). Saturated salt solution (SSS) consisted of so-
dium chloride, 20% formaldehyde, phenol, gly
cerine, isopropyl alcohol, and water (40). Studies 
have shown that cadavers embalmed with SSS 
had sufficient antibiotic protection, their joints 
remained flexible and their soft tissue quality was 
acceptable for surgical skill training (41). Studies 
have also revealed that where Thiel soft em-
balmed cadavers may not be appropriate for 
central venous catheterization instruction, 
SSS-embalmed cadavers may be used instead 
(42). The SSS method is also cheap and simple 
with low risk of infection. The SSS solution can 
also be used to store organs that have been fixed 
in formalin (and washed) at room temperature. 
There is no formaldehyde evaporation, and no 
odour or harmful consequences are produced. 
Different organs (previously embalmed, dissec
ted, and labelled) could also be displayed in glass 
containers filled with SSS. The drawback ob-
served with storage of the cadaver in SSS is the 
corrosion of the metal by the salt. Metal con
tainers should thus be avoided. Stainless steel 
surfaces, such as dissection tables and trays, can 
be protected against corrosion by thoroughly 
cleaning them with tap water after each usage 
(43).

Glutaraldehyde embalming
The main component of embalming fluid, glutar-
aldehyde, was first shown to be particularly suc-
cessful in cadaver preservation for surgical dis-
sections by Natekar and De Souza. The 
embalming fluid was modified somewhat from 
Natekar's technique by adding 2% glutaralde-
hyde, methanol, glycerine, cetrimide, eosin, eu-
calyptus oil and water. When compared to typi-
cal formalin-fixed cadavers, glutaraldehyde fixed 
cadavers showed more flexibility and colour re-
tention. Cadavers were found to be exceedingly 
pliable, with a realistic aspect and no stiffness or 
hardness. The skin's elasticity was preserved, and 
all joints, including the metacarpophalangeal 
and interphalangeal ones, had lifelike flexibility. 
There was no evidence of fungal development or 

a foul odour. Cadavers could also be utilized se
veral times over a five-year period without the 
requirement for defrosting or refreezing (44). In 
contrast to formaldehyde, glutaraldehyde is a 
slow diffuser that produces a fast and irreversible 
reaction with proteins. As a result, glutaralde-
hyde provides more permanent end point fixa-
tion while perfusing the tissue slowly, whereas 
formaldehyde perfuses the tissue quickly but 
only generates irreversible fixation. As glutaralde-
hyde perfuses slowly, after injecting glutaralde-
hyde into the vascular system, the body could be 
frozen for a month to allow for good fixing while 
reducing the risk of putrefaction due to the lower 
temperature (5).

Formaldehyde free embalming
This embalming solution comprised ethyl alcohol 
(25%), polyethylene glycol PEG400 (20%), chlo-
roxylenol (0.1%), and sodium nitrate (10%) was 
made up to 100% by volume by adding tap wa-
ter. The embalmed specimens (two cats, two 
dogs, two goats and two sheep) were periodi-
cally examined over a period of six months. First, 
the specimens were colorimetrically appraised, 
and then the texture profiles, including hardness, 
adhesiveness and distortion were examined. 
Moreover, tissue samples from the skeletal mus-
cle, liver, lung, and gut were collected and mi-
crobiologically analysed at various time intervals. 
The embalmed specimens resembled their living 
counterparts nearly exactly. No microbial growth 
was observed in the tissue samples collected 
from the embalmed animals, excepting the co-
lon tissue from one cat and the lung tissue of one 
sheep (45). q

CONCLUSION

Irrespective of their chemical properties, ideal 
embalming fluids should guarantee adequate 

structural preservation of organs over through 
the long run, limit overhardening, and ensure tis-
sue and organ colour retention. Furthermore, 
desiccation and bacterial or fungal growth has to 
be prevented. Also, it is important to lessen envi-
ronmental chemical risks exposures and possible 
biohazards. q
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